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Beryllium nitride films grown by
PLD
G Soto et al of Centro de Ciencias de la
Materia Condensada, Mexico have been
working on beryllium nitride thin films,
candidates for optoelectronic applications,
grown by pulsed laser deposition on silicon
substrates.The films were prepared by
ablating a beryllium foil in N2 environment
at several pressures and substrate tempera-
tures.
Real-time ellipsometric monitoring for the
period of deposition was carried out by a
multiwavelength ellipsometer in the
1.625≤hν≤4.405 eV photon-energy range.
After completion, films were characterised
in situ by electron spectroscopies and ex
situ by AFM and SEM.A model for the
growth of beryllium nitride was applied to
reproduce the optical measurement and
concurrently, the refractive index from the
visible to the near ultraviolet spectral
region was calculated.The estimated opti-
cal bandgap correlates closely with pub-
lished theoretical results.
Epi growth of GaN films using
MBE
Levi Torrison et al, from Arizona State
University Chemistry and Physics depart-
ments, have used a novel single-source pre-
cursor, with composition D2GaN3, to grow
GaN films on Si(1 1 1) substrates, via AlN
buffer layers, by gas-source molecular beam
epitaxy.The morphological and optical
properties of the films are determined as a
function of the reaction conditions includ-
ing deposition temperature. Monocrys-
talline GaN nanopillars with faceted termi-
nations are readily formed at unusually low
temperatures of 275-300°C from the ther-
modynamically driven decomposition of
the precursor via elimination of D2 and N2.
Highly oriented layers with columnar mor-
phology and wurtzite microstructure are
obtained between 450-750 °C via basal
plane growth.
The photoluminescence and cathodolumi-
nescence spectra of these materials display
strong band edge emission peaks at 360nm,
and in some cases they show broad and
weak luminescence features in the range of
530-550nm. Depositions of D2GaN3 in the
presence of atomic nitrogen at 650 °C yield
epitaxial films that display cubic and hexag-
onal structures, smooth and continuous sur-
face morphology and distinctive band edge
luminescence.
This newly developed process represents
one of the simplest methods of GaN growth.
Important advantages include the significant
room temperature vapour pressure of the
precursor that allows rapid mass transport,
which is highly compatible with MBE
growth, and the facile decomposition path-
way via stoichiometric elimination of benign
D2 and N2 by-products yielding highly crys-
talline GaN materials with unique nano-mor-
phology at low temperatures.This new sin-
gle source method offers an alternative
approach to GaN growth in MBE conditions.
Si+ ion implanted MPS bulk GaN
diodes
Toyota Central R&D Labs Inc researcher Y
Irokawa et al variously from Florida
University’ s ChemEng and MatScience &
Engineering departments, Electrical
Engineering from Taiwan’ s National Central
University and Samsung Advanced Inst. of
Tech in South Korea have been working on
the fabrication of GaN merged p-i-
n/Schottky (MPS) diodes using Si+ ion
implantation into p-epi layers on bulk, free-
standing GaN substrates..
Diode diameters from 50 to 500µm were
investigated.These initial MPS diodes show
larger turn-on voltage (~30 V) than the unim-
planted p-i-n diodes (~10 V) fabricated on
the same wafer, but lower reverse leakage
current density.The Si+ implant activation
efficiency is ~25% for 1150°C, reaching
~30% for 1200°C anneals.The patterned Si+
implantation into p-i-n GaN structures on a
free-standing substrate was used to demon-
strate the feasibility of fabricating MPS
diodes.The low activation efficiency of Si at
1150°C limits the performance of the
diodes, but improved annealing processes
and optimised bulk and epi growth process-
es should allow MPS rectifiers with forward
characteristics similar to those of Schottky
diodes and reverse characteristics similar to
those of p-i-n diodes.Use of bulk, low-defect
substrates is promising for scaling-up device
diameter with minimal penalty in reverse
breakdown voltage.
Cr-germanide nanoparticles 
R Goswami from Geo-Centers Inc, Fort
Washington, MD and colleagues from
Washington’ s Naval Research Laboratory
have been investigating microstructural evo-
lution as a function of substrate temperature
in Ge-4 at %Cr films grown by MBE, employ-
ing TEM and correlating the TEM results to
the magnetic properties.
To date, they claim, relatively little attention
has been paid to understanding the fine
scale microstructural evolution within Ge-
Mn, Ge-Fe and/or Ge-Cr thin films.Their
investigation is to elucidate the phase trans-
formations and overall microstructural evo-
lution in epitaxial Cr-doped Ge thin films
deposited on GaAs(0 0 1) substrates at two
different temperatures, in order to better
understand how best to incorporate possi-
ble FM components into semiconducting
materials, and in order to relate these
microstructural findings to the observed
magnetic behaviour. Magnetometry meas-
urements show that samples grown at sub-
strate temperatures of 200°C and above are
paramagnetic. Significantly different
microstructures have been shown to
evolve, depending on the substrate temper-
ature (Ts) during MBE growth. For Ts=200
°C, the film consists of elongated rods, or
“noodles” of the equilibrium Cr11Ge19
phase. For Ts=400°C, a 
nanodispersion of metastable Cr11Ge8
equiaxed precipitates form within the Ge-
matrix. It is proposed that for Ts=400°C a
supersaturated Ge-Cr solid-solution is ini-
tially formed from the vapour phase, fol-
lowed by solid-state precipitation.At
Ts=200°C, precipitation analogous to a cel-
lular/discontinuous transformation results
in formation of cooperatively grown rod-
like or noodle shaped microstructures.
Acta Materialia 52 (8) 2419-2427 (May ‘04) 
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and-blue upconversion emission 
Takayuki Hirai and Takuya Orikoshi at the
Research Center for Solar Energy Chemistry
at Osaka University, Japan have prepared
yttrium oxysulfide upconverting phosphor
nanoparticles, doped with Yb as a sensitizer
and Er (or Ho,Tm) as an activator, via a solid-
gas reaction.They used precursor oxalate
particles, obtained in an emulsion (water-in-
oil-in-water emulsion) liquid membrane 
system.
The resulting Y2O2S:Yb, Er particles, mainly
smaller than 50nm in diameter, demonstrat-
ed green upconversion emission under IR
excitation ( ex=980 nm) via a two-photon
process. Distinct green and blue upconver-
sion emission were also demonstrated
under the same IR excitation from
Y2O2S:Yb, Ho and Y2O2S:Yb,Tm nanoparti-
cles, respectively.These upconverting phos-
phor nanoparticles, together with Y2O3:Yb,
Er infrared-to-red upconverting phosphor
particles, with different emission under the
same infrared excitation, may be applied to
the luminescent reporter materials for the
detection of the targeted analyte in multi-
plexed assays. Journal of Colloid and
Interface Science 273 (2) 470-477 (15 May
2004)
Novel red phosphors for lighting.
S Neeraja of Materials Research Laboratory,
UCSB and colleagues from Mitsubishi
Chemicals Center for Advanced Materials, UC
and the Inorganic Functional Material
Laboratory, MCC-Group Science &
Technology Research Center of Mitsubishi
Chemical Corporation, Japan have synthe-
sized by solid state reactions solid solutions
of vanadates of formula BixLn1?xVO4 (Ln=Y,
Gd) doped with Eu3+ or Sm3+ ions.This
obtained intense red/orange-red lumines-
cence in these samples on excitation in the
broad charge-transfer band in the near UV.
The excitation in the Eu3+ levels leads to
much less intense red emission.These materi-
als could find applications as red phosphors
for solid-state white lighting devices utilizing
GaN-based excitation in the near UV.
Solid State Communications 131( 1) 65-69
(July 2004) 
IR ellipsometry of SiC/Si hetero
structures with Ge interfaces 
Ch Zgheiba et al of FG Nanotechnology,
Centre of Micro- and Nanotechnologies,TU
Ilmenau, Germany and Groupe d’ Etude des
Semiconducteurs, CNRS-UMR Université de
Montpellier, France record that epitaxially
grown mismatched semiconductor 
heterostructures are of increasing impor-
tance for micro- and optoelectronic devices
or circuits. Lattice mismatched layers can be
elastically strained by pseudomorphic
growth on the substrate.Alternatively, the
strain can be relieved by relaxation of the
epitaxial layer due to formation of misfit dis-
locations resulting in an in-plane lattice
parameter of the epi film close to that of
the bulk material.
If epitaxial layers of 3C-SiC are grown on Si
substrates, the large mismatch in the lattice
constants and the thermal expansion coeffi-
cients leads to a substantial residual tensile
strain.A significant part of the 20% mis-
match in lattice constants can be released
by the formation of a dislocation network.
However, the mismatch in thermal expan-
sion coefficients of SiC and Si (8% at room
temperature) introduces additional strain
into the system after the growth cooling
down process.This strain results in a strong
degradation of the layer properties and a
wafer warp, limiting the use of SiC/Si het-
erostructures for device applications and as
pseudo-substrate for the deposition of
group III-nitrides.
In their work they analyse the stress by
infrared spectroscopic ellipsometry (IRSE)
and compare the obtained results with the
Fourier transform infrared reflection meas-
urements (FTIR).The stress in the SiC/Si was
evaluated by IRSE and compared with the
FTIR reflection measurements.
It was observed that adding Ge to the
cleaned silicon surface, prior to the carboni-
sation, shifts the TO mode position to higher
wave numbers and therefore lead to a reduc-
tion of the tensile stress in the SiC layer. If
one monolayer of Ge is deposited, a stress
reduction can be expected at temperatures
higher than 325°C compared to layers grown
where the Ge modification of the interface
was not used.
Thin Solid Films 455-456 (1) 183-186 (May
2004)
Ordering growth of InAs QDs on
ultra-thin InGaAs strained layer 
At the Chinese Academy of Science, Beijing,
C Zhang et al from the Laboratory of the
Semiconductor Mataterial Science Institute
have focused extensive research on quantum
dots for their special electronic and optical
properties. Self-organized QDs made by
Stranski-Krastanov (SK) growth mode are
defect-free and uniform size, but distributed
randomly.Acceptable for some QD 
applications, ordered QDs are needed for
other types of devices, such as single-elec-
tron transistors or highly parallel computing
architectures.The ordering growth of QDs is
a hot spot. Up to now various methods have
been used to prepare ordered QDs, such as
high-index substrate and substrate with insu-
late mask or anodic porous alumina mask.
For low-strained system, dislocations will first
generate in the epilayer/substrate interface
when the epilayer exceeds a certain thick-
ness.These dislocations have special direc-
tions, so people want to use them to fabri-
cate ordered QDs. For example, Fumito
Hiwatashi found InAs QDs mainly aligned
along abd on InGaAs layer and thought that
was because QDs prefer nucleating in the
strain-relaxed regions of the strained layers.
But, the regions with dense QDs were rela-
tively wide, so the results obtained cannot be
called perfect ordering growth.
For low-strained system ( <2%), when the
epilayer exceeds Matthews critical thickness
hc, the threading dislocations pre-existing in
the substrate begin to bend to form misfit
dislocation segments in the substrate/epilay-
er interface. If the epilayer goes on to exceed
the critical thickness hp, dislocation multipli-
cation will take place.When the density of
dislocations is high, the stress field from dif-
ferent dislocations interacts, thus it will be
difficult to control the following growth. So,
by comparing the growth parameters of
Fumito Hiwatashi and other groups, Zang et
al, find the strained layers they grew were
relatively thick and think this the reason for
their result imperfections. Zang’ s team grew
InAs QDs on ultra-thin In0.15Ga 0.85 As
strained layers by MBE on GaAs (001) sub-
strates. Combining reflection high-energy
electron diffraction,AFM andTEM, they
analysed the stress field of dislocations in the
strained layer/substrate interface. Specifically,
they revealed the relative position of QDs
and dislocations.The difference of the stress
field around dislocations is prominent when
the strained layer is ultra-thin and the stress
field will directly affect the following 
growth. On the strained layer surface,
In0.15Ga 0.85As ridges will form at the
inclined upside of dislocations.Then, InAs
QDs will prefer nucleating on the ridges,
there is relatively small stress between InAs
and In0.15Ga0.85As. By selecting ultra-thin
In 0.15Ga0.85As layer (50nm) and control-
ling the QD layer at just formed QDs, we
obtained ordered InAs QDs.
Journal of Crystal Growth 265, (1-2) 60-64
(15 April 2004).
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